Summary.
The Hypothalamic neurosecretory substances are believed to be discharged into the pencapillary space of the pituitary portal vessels in the neurohemal contact area in the median eminence. However, the mechanism of the release of the neurohormones from the nerve terminals into the perivascular space is not completely understood.
In an earlier immunohistochemical study on the rat, GOLDSMITH and GANONG (1975) reported the absence of LHRH neuronal processes abutting on the blood capillaries in the external layer of the median eminence.
In other studies, however, LHRH axon terminals were observed in close proximity to the pericapillary space in the median eminence in rats (NAIK, 1975; KRIScH, 1978) and guinea pigs (SILVERMAN et al., 1979) . These investigations were performed using a postembedding immunohistochemical technique.
In these preparations, the relationship between neurosecretory terminals and other cellular elements could not be accurately recognized, since the ultrastructures were not well preserved.
Recently, such inadequate preservation of the ultrastructure has been greatly improved by employing a preembedding immunohistochemical technique (KOZLOWSKI and FRENK, 1977; KOZLOWSKI and HOSTETTER, 1978; AJIKA, 1979; NOZAKI et al., 1979) .
In the present study, applying the preembedding technique, we re-examined LHRH and somatostatin nerve fibers in the rat median eminence with special attention to their relation to the pericapillary space.
The findings obtained in this study may offer a clue to clarify the mechanism by which the neuropeptides are discharged into the pencapillary space of the portal primary capillaries.
MATERIALS AND METHODS
Adult male rats of the Sprague-Dawley strain weighing 250-300 g were sacrificed by cervical dislocation, and the hypothalamus was immediately dissected out. For the examination of LHRH, the hypothalamic tissue was immersed in a mixture of 4°° paraformaldehyde and 1°o gluaraldehyde in cacodylate buffer at pH 7.4 for 6 hr. For the fixation of somatostatin, a mixture of 4°o paraformaldehyde and 0.2°o picric acid in 320 mOsM phosphate buffer (pH 7.3^7.4) was used, since the immunoreactivity of somatostatin was very weak when the former fixative was utilized.
In this study, the perfusion technique was not employed as it caused an undesirable expansion of the blood capillaries, resulting in a dislocation of the surrounding tissues. After fixation, the tissue blocks were washed in PBS. They were then trimmed and cut at 20 ~cm on a vibratome (Oxford Instruments, California, USA). The vibratome sections were excised from the anterior part (R3 R4 in Fig. l of RoDRIGUEZ et al., 1979) and the preinfundibular part C2-C; in Fig. l of RoDRIGUEZ et al., 1979) . These sections were briefly rinsed with PBS and treated with: 1) rabbit anti-LHRH or anti-somatostatin serum for 12-24 hr at 4°C; 2) anti-rabbit IgG for 4 hr at room temperature or at 4° C; 3) peroxidase-antiperoxidase (PAP) complex (STERNSERGER et al., 1970) for 2 hr at 4° C. The final reaction product was visualized with 3, 3'-diaminobenzidine tetrahydrochloride solution containing H2O2. Subsequently, the sections were postfixed in 2°o 0s04 for 30 min and dehydrated through an ascending series of acetone.
Control sections were incubated with LHRH antiserum or somatostatin antiserum preabsorbed with corresponding antigens.
For light microscopy, sections were cleared with propylene oxide and mounted in Epon-Araldite mixture (MoLLENHAUER, 1964) . For electron microscopy, they were embedded in the same resin, and ultrathin sections were cut with glass knives and examined without staining in the JEM T8 electron microscope.
The results of the present electron microscopy were obtained from 10 male rats examined for LHRH and 5 males for somatostatin; 236 electron micrographs including 431 LHRH axons and 343 electron micrographs including 986 somatostatin axons were taken from the external layer of the median eminence.
The distances between the nerve terminals and the basement membrane covering the vascular surface of the median eminence were measured on electron micrographs taken at a magnification of 10,000. 
RESULTS

Electron microscopy
In the present observations, our attention was directed only to the immunoreactive fibers that lay in the area less than 5 tcm from the basement membrane covering the vascular surface of the median eminece.
At the light microscopic level, this area corresponds to the palisade layer..
LHRH fibers: Immunoreactive LHRH fibers are easily distinguished by a heavy deposit of immunoreactive fine particles and a number of membrane-limited secretory granules, which are distributed uniformly within the axoplasmic matrix.
Some empty vesicles can also be observed (Fig. l-3) . Figure 1 shows the topographical relation between the immunoreactive fibers and the basement membrane; the distance between the LHRH fibers and the basement membrane was measured and the number of the fibers determined. In Figure 1 , it is apparent that more LHRH fibers are situated closer to the blood capillaries in the preinf undibular part than in the anterior part of the median eminence.
In both parts, LHRH fibers do not come into direct contact with the basement membrane.
Between the LHRH terminals and the basement membrane, thin processes of glial or ependymal elements, or non-reactive nerve fibers are usually inserted (Fig. 2, 3) . It is unusual for the axonal protrusions to reach the pericapillary space beyond the glioependymal cuff. As far as our observations are concerned, there was only one case of this out of 144 axons which were found near the neuro-vascular contact zone. This examination revealed no sign of exocytosis on LHRH fibers.
Somatostatin fibers: The distribution of somatostatin fibers in the median eminence is indicated in Figure 4 . In the anterior portion of the median eminence, the number of the fibers exposed directly to the pericapillary space exceeds that of the fibers located at a distance from the vascular layer of the median eminence. This is more prominent in the preinfundibular part of the median eminence. Frequency of the appearance of LHRH fibers at various distances from the basement membrane of the median eminence. Columns express the frequency as a percentage of total number (n) of LHRH fibers observed. Illustrations show the hypothalamic areas (hatched) examined in sagittal (upper) and in frontal (lower) planes. (Fig. 5, 6 ). Between both structures, vesicles (114-184 nm) with electron lucent material are seen. These resemble the "vesicle ghosts" (CLATTENBURG et al., 1973) (Fig. 6) . The fibers far from the basement membrane possess a deposit of immunoreactive fine particles and many secretory granules (Fig. 7) ultrastructures and of antigenicity (KozLowsKl and FRENK, 1977; KOzLOwSKI and HOSTETTER, 1978; AJIKA, 1979; KAWANO et al., 1980) than the postembedding technique.
In a conventional electron microscopic observation, RODRIGUEZ et al. (1979) suggested the unlikelihood of direct neurovascular contact of LHRH nerve terminals in the median eminence. They did not, however, identify LHRH fibers substantially. The present study proves quantitatively that immunoreactive LHRH fibers in male rats do not make direct contact with the perivascular space.
Several studies have employed the postembedding immunohistochemical technique to examine LHRH nerve terminals at the ultrastructural level (GOLDSMITH and GANONG, 1975; NAIK, 1975; SILVERMAN and DESNOYERS, 1976; KRISCH, 1980) . Their findings on the topography of the LHRH terminals in the median eminence are not coincident, and, furthermore, the ultrastructural preservation seems to be insufficient to accurately explain the topographical relationship between LHRH fiber terminals and the perivascular space. Even in studies using the preembedding technique, however, adequate information without statistic analysis is not available on the topography of LHRH fiber terminals.
AJIKA (1980) simply described LHRH fiber terminals appearing in close proximity to the perivascular space in the palisade layer of the median eminence.
As for somatostatin fibers, several authors have, by employing the postembedding technique, shown that the fibers terminate in direct contact with the perivascular space (KRISCH, 1977 (KRISCH, , 1980 JOHANSSON and HOKFELT, 1980) . In the present study, the quantitative analysis makes it clear that among the immunoreactive somatostatin fibers that appeared in the palisade layer, the fibers abutting directly on the perivascular space were most numerous. Taking this finding into account, it seems possible that the fibers branch out at the outermost layer of the median eminence before terminating in the perivascular space. Such a finding was not recognized with LHRH fiber terminals.
In view of these findings, it is probable that in male rats LHRH may be discharged inside the palisade layer of the median eminence and enter the perivascular cavity through the intercellular space, while somatostatin is discharged directly to the penvascular space at the neuro-vascular contact area. Some authors claim that the liberation of secretory material is not limited to the nerve terminals exposed to the pericapillary space, since a tight junction which would seal the intercellular space was not detectable between the nerve endings of the palisade layer of the median eminence (STOECKART et al., 1972; KRISCH et al., 1978; ROHLICH and HALASZ, 1978) . These authors accept the theory that any hormone liberated at the internal portion of the palisade layer of the median eminence is conveyed to the portal vessels through the intercellular space. It was reported that exocytotic profiles have been found in the fibers localized in a zone somewhat deeper than the neuro-vascular contact surface of the median eminence (STOEcKART et al., 1972) , but this relation was not evident in the present study.
On the contrary, CLATTENBURG et al. (1973) indicated the possibility after coitus in rabbits of diffusional secretion of the neurohormone from the nerve terminals abutting on the perivascular space. These authors have described "vesicle ghosts" that seemed to be empty or contain decreased amounts of fine electron lucent material in the vesicles. Similar structures are evident in the somatostatin terminals examined in this study. It is of interest that, in the terminals abutting on the perivascular space, these structures are localized between the accumulation of the secretory granules and that of synaptic vesicle-like structures.
In the fibers localized far from the basement membrane, the secretory granules are distributed uniformly throughout the axoplasm. Therefore, it is presumed that the "vesicle ghosts" and the synaptic vesicle-like structures may be involved in the diffusional secretion in the somatostatin nerve terminals. Recently, it has been proposed that in the same nerve terminals, amines and peptides may be stored in different subcellular structures: amines in the small vesicles and peptides in the large ones (HoKFELT et al., 1980) . Also in this context, further studies are required to elucidate the nature of the small vesicles in the somatostatin terminals.
